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(54) Solder, method tor processing surface of printed wiring board, and method for mounting 
electronic part 

(57) A solder consists essentially of 1 .0% to 4.0% of Ag by mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% 
of Co by mass, and the remaining of Sn and inevitable impurities. 
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Description 

[00011 The present invention relates to a Sn-Ag-Cu based solder, a method for P^^^^^J^ ^ f^^^^ 

liringboardandamethodfor mounting an electronic part/mparticular.toasoder^amethodf^^^ 

5 of a printed wiring board and a method for mounting an electronic part, wherein the prevention of copper consuming 

on a printed wiring board and lor the connection between a footprint or through holes .n a pnn ed wiring boart and 
"eads ofTa's to be mounted. Recently, however, environmental pollution due to lead that has eluted ^^ornj^^a^^^ 
,0 electronic equipment has become a problem and solder that does not include Pb has been under intense development 
in the manutacluring of electronic parts. i-.. wo^^h Qiir.u onH a «?n-7n 

[0003] As (or lead-.ree solder thai does not include Pb. a Sn-Cu based alloy, a Sn-Ag-Cu based «Hoy «nd a Sn Zn 
based alloy are representative and alloys gained by adding Bi, In and/or Ge to these alloys have also been under 

,5 foooT Mlor the Sn-Cu based alloy, however, even an alloy o. 99.2% of Sn and 0.8% of Cu '"^^^ 

theeutecticcomposiuon.hasacompara..velyhigh melting point of 227'Cand. therefore, there^ashortco^^^^^^^^ 

in the case .hat the composition is changed .or the purpose of preventing the below f ^^^^^^^^ 
melting point becomes higher so that .he printed wiring board and electronic parts to be ^^^""/'^^"'^^^^"^ 
high temperature a. the time ol soWer.ng. The heat-resistant temperature of printed winng boards .n gerieral use is 

" IZTtZZLz. based alloy. the solder meKing point of 91% of Sn and 9% o^^^" ''V ^ 

eu.ec ic composilion. is 1 99»C, which is close .o the melting point, 1 83-C. of the alloy of 63% o Sn and 3^ /» of Pb by 

mass, which^s o. eu.eC.c composi.,on According^, this is an alloy that is '^^.-^ ' ^^^^^^^^^ 

point. However, since Zn is an ac.ivc clement, there is a shortcoming in that the solder is signifwantly ox.dced so that 

25 It is difficult to achieve a good soldering condition. „ co/ onH n «•/ nf ru 

[0006] As for the Sn-Ag-Cu based alloy, the three element eutectic alloy of 95.8% o Sn, 3^5% °' ^9 and^^^^^^^ o Cu 
Ly mass has a melting poin. o. 21 7'C. which is higher than the melting point of the alloy ^3% of «n^ ^7 A of Pb 
bj mass and the Sn-Zn based alloy and is still low enough for use as solder from the viewpoint °' J^^* 
o?printed wiring board and the like. In addition, even in a case where .he processing temperature ^^^^^l^^ZZ 

30 circuit on a printed wiring board and for the connection between a footprint or through holes m a Pnr^ed w.ing boa^d 
and leads of parts to be mounted is assumed to be 250-C, an excellent soldered condition can be gained ofvvhich 
the mechanical charac.erislics are also excellent, and, therefore, the Sn-Ag-Cu based alloy is the most suitable for 
practical application from among .he above described lead-free solders. p, .hiiration No Hei 

[0007J Sn-Ag-Cu based alloys are disclosed in. for example, Japanese Unexamined Patent P"t>'icat.on No^ He. 

35 2-342I5. Japanese Unexamined Paten. Publication No. Hei 2-179388. Japar^ese Unexamined Patent P"bl.cat^" No. 
Hei 4-333391 . Japanese Unexamined Patent Publication No. Hei 6-269983 and J^P^-^f "^"^^'"f J ^J^"' 
lication NO. Hei 1 1 -77366. The solder disclosed in Japanese Unexamined Patent P"':^'^^ '""^o- Hei 2-3^95 ^ 
the purpose of providing a lead-free solder while the solder disclosed in Japanese Unexamined Patent P"bl caluM, No. 
Hei 2-1 79388 is for the purpose 0. improving corrosion resistance and electrical and them,al conductivity In add-on 

40 the solder disclosed in Japanese Unexamined Patent Publication No. Hei 4-333391 is '^^^'^t.^rB S^sri^r e 

creep characteristics, the solder described in Japanese Unexamined Patent Publication No. Unelm ned 

purpose of increasing wettability on the Ni based base material and the solder described " J,«P«"^f^„^"^f„7"'J 
Patent Publication NO Heil1-77366islorthepurposeofincreaslngstrengthagainstthermal fatigue strength and joint 

« S'tfcase Where a Sn-Ag-Cu based alloy is utilized, however, there is a '7:^^;^;" ^J';^^^^^^^^ 

coateJ on a copper circuit of a printed wiring board by means of a hot air leveling method the ^^^PP^'J^'^^^tZ 
the printed wiring board is consumed so as tobe thinner and in the worst case wirmgrnay be cut^l^^^^^^^ 

where parts are soldered through flow soldering, the copper plating layer of the pnnted winng board is consumed and 

becomes thinner so as to cause soldering defects. u ^ n ,ha«ho£>nmonosed 

50 [0009] Therefore.a80ldergainedbyadding1%to4%ofCubymasstoaSn-Sb-BHnbasedalloyhasl^eenp^^^^^^^ 

Japanese Unexamined Patent Publication No. He! 11-77368). In addition, a solder gamed f J to 3 o Cu 
by mass to a Sn-2n-Ni based alloy, which is a Sn-Zn based alloy, has also been proposed (Japanese Unexamined 

Patent Publication No. Hei 9-94688). . ^^Hin^ r,i Th«» 

[0010] Both of the solders disclosed in these gazettes are designed to prevent copper <=o"s"7"gby. adding Cu^T^e 
55 Liting point of the fom,er. however, is too high because the solidus temperature is 208'C while the l|qu|dus ternper- 
ature is 342»C. Since the latter is a Sn-Zn based alloy, there Is a problem concerning oxidation f ^''^^'^/'^^^ ^^^^^^.^^"^ 
[0011] Moreover, in Japanese Unexamined Patent Publication No. Hei 11-218591 data gained ^^^^^^^^'^'^^J 
out the measurement of the alloys of 96% of Sn. 3.5% of Ag and 0.5% of Co by mass as well as 98.8 A. of Sn. 0.7% 
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of Cu and 0.5% of Co by mass and the like are described under the assumption that the addition of Co can prevent 
copper consuming. However, even in a case where copper consuming can be prevented such compositions allow the 
liquldus temperatures to significantly increase so that it is difficult to apply electronic parts to usable products due to 
safety concerns. 

5 [0012] It is an object of the present invention to provide a solder that can prevent copper consuming and of which 
the melting point is controlled to the extent where no damage to electronic parts occurs, a method for processing a 
surface of a printed wiring board on which the solder is utilized and a method for mounting an electronic part by utilizing 
the solder. 

[001 3J According to one aspect of the present invention, a solder consists essentially of 1 .0% to 4.0% of Ag by mass, 
10 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, and the remaining of Sn and inevitable impurities. 

[0014] According to another aspect of the present invention, a solder consists essentially of 1 .0% to 4.0% of Ag by 
mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass. 0.02% to 0.06% of Ni by mass, and the remaining 
of Sn and inevitable impurities. 

[001 5] According to further another aspect of the present invention, a solder consists essentially of 1 .0% to 4.0% of 
15 Ag by mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% of Fe by mass, and the 
remaining of Sn and inevitable impurities. 

[0016] According to slill further aspect of the present invention, a solder consists essentially of 1 .0% to 4.0% of Ag 
by mass, 0.2**/o to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% of Ni by mass, 0.02% to 0,06% 
of Fe by mass, and the remaining of Sn and inevitable impurities. 

^0 [001 7] According to the present invention a minute amount of Co prevents copper consuming at the time of soldering. 
In addition, since the content thereof is of a minute amount, the solder has a composition close to the eutectic of the 
Sn-Ag-Cu based solder and, thereby, the increase in the liquidus temperature can be controlled. Furthermore, since 
the solder is a Sn-Ag Cu based solder, a high wettability and a high spreadability can be secured. In the case where 
not only Co but. also, a minute amount of Ni and/or Fe is contained, the melting rate of copper can be lowered while 

^5 controlling the increase in the liquidus temperature. 

[0018] According to one aspect of the present invention, a method for processing a surface of a printed wiring board 
comprises the step of coating a circuit fomned on a surface of a printed wiring board with a solder consisting essentially 
of 1 .0% to 4.0% of Ag by mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, and the remaining of 
Sn and inevitable impurities. 

30 [0019] According to another aspect of the present invention, a method for processing a surface of a printed wiring 
board comprises the step of coating a circuit formed on a surface of a printed wiring board with a solder consisting 
essentially of t .0% to 4.0% of Ag by mass, 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 
0.06% of Ni by mass, and the remaining of Sn and inevitable impurities. 

[0020] According to further another aspect of the present invention = a method for processing a surface of a printed 
35 wiring board comprises the step of coating a circuit fomned on a surface of a printed wiring board with a solder consisting 
essentially of 1 .0% to 4.0% of Ag by mass, 0.2% to 1.3% of Cu by mass. 0.02% to 0.06% of Co by mass, 0.02% to 
0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 

[0021] According to still further another aspect of the present invention, a method for processing a surface of a printed 
wiring board comprises the step of coating a circuit formed on a surface of a printed wiring board with a solder consisting 

•*o essentially of 1 .0% to 4.0% of Ag by mass, 0.2% to 1.3% of Cu by mass. 0.02% to 0,06% of Co by mass, 0.02% to 
0.06% of Ni by mass, 0.02% to 0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 
[0022] According to one aspect of the present invention, a method for mounting an electronic part comprises the 
step of soldering an electronic part on a circuit formed on a surface of a printed wiring board with a solder consisting 
essentially of 1.0% to 4.0% of Ag by mass, 0.2% to 1.3% of Cu by mass, 0.02% to 0.06% of Co by mass, and the 

^5 remaining of Sn and inevitable impurities. 

[0023] According to another aspect of the present invention, a method for mounting an electronic part comprises the 
step of soldering an electronic part on a circuit fomied on a surface of a printed wiring board with a solder consisting 
essentially of 1 .0% to 4.0% of Ag by mass, 0.2% to 1.3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 
0.06% of Ni by mass, and the remaining of Sn and inevitable impurities. 

so [0024] According to further anther aspect of the present invention , a method for mounting an electronic part comprises 
the step of soldering an electronic part on a circuit formed on a surface of a printed wiring board with a solder consisting 
essentially of 1 .0% to 4.0% of Ag by mass, 0.2% to 1.3% of Cu by mass, 0,02% to 0.06% of Co by mass. 0.02% to 
0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 

[0025] According to still further another aspect of the present invention, a method for mounting an electronic part, 
55 comprises the step of soldering an electronic part on a circuit formed on a surface of a printed wiring board with a 
solder consisting essentially of 1 .0% to 4.0% of Ag by mass, 0.2% to 1 .3% of Cu by mass. 0.02% to 0.06% of Co by 
mass, 0.02% to 0.06% of Ni by mass, 0.02% to 0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 
[0026] In accordance with these methods according to the present invention, a printed wiring board of high reliability 
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can be gained regardless of whether or not an electronic part Is mounted thereon. 

Fia 1 is a Dhase diaaram of an Sn-2%Ag-Cu-0.04%Co alloy with the Cu content indicated along the horizontal ^is: 
Falis^dSaSoflnAgCu^^^^^^^ 

t?e Ag coSr^^^^^^ by r^ass. wherefn Fig. 2A is in the case of Ni free, while Fig. 2B ,s .n the case of 
F^J^arglS 

the Cu content is fixed at 0.8% by mass, wherein Fig. 3A is in the case of N. free, while Fig. 3B is m the case of 

TMt%° Sh''orS Showing the relationship between , he Ni content and the 

5idus ter^pe^ture while Fig. 4B is a graph of Sn-2%Ag-0.8%Cu-0.04%Co-Ni showing the relationship between 
the Ni content and the melting rate of copper; iha rn rontenl and 

Fig. 5 is a graph of Sn-Ag^u-Co-Ni showing the evaluation resuH of the relationship ''^^^^^X.^^s 
the NI content when the Ag content is fixed at 2% by mass and the Cu content 

Fiq 6A is a graph of Sn-3.5%Ag-0.8%Cu-0.06%Co-Fe showing the relationship between the Fe co"tent and the 
Sidus temperl^ while Fig.'eB Is a graph of Sn-3.5%Ag-0.8%Cu.0.06%Co.Fe showing the relationship be- 

tween the Fe content and the melting rate of copper; ^. ^ . n^s ^n^^m and 

Fig. 7 is a graph of Sn-Ag-Cu-Co-Fe showing the evaluation result of the relationship between the Co oontent and 
the Fe content when the Ag content is fixed at 3.5% by mass and the Cu coment ,s ^/l^^ ^^^^^^^^^ 

Fig. 8 is a graph of Sn-Ag-Cu<:o-Ni-Fe showing the relationship between the N, content ^"'^ 'l";^^^ 
the Aq content is fixed at 3.5% by mass, the Cu content is fixed at 0.8% by mass and the Co content ^ar.ed^and 
F g. 9n graph of Sn-Ag-Cu-Co Showing the relationship between the CO c^^^^^ 

in a solder of Sn. 3.5% of Ag by mass and 0.8% of Cu by mass while F.g. f « «X'7sn 3I? oTS biTss 
the relationship between the Co content and the melting rate of copper in the solder of Sn. 3.5 /o of Ag by mass 

and 0.8% of Cu by mass. 

100271 AS a result of repeated and diligent experimental research by the inventors ^ 
tosolve the above described problemsjt has beenfound that copper consuming can be prevented byad^ 

amount of Co while controlling the increase in the liquidus temperature, for example, by '^^^^'J^^^^^^^^^^ 

perature at 230-C or below, which is preferable in regard to the heat-resistant temp-ature °f the ^^"^^^^ ^ "^^^ 

and, in addition, this prevention effect can be increased by adding a proper amount of Ni J^^^"^^^^^^ 

of copper in a case wherein the inventors of the present application added a variety of 2" '^/'^"^^^^ 

following Tablel.Tablel shows that the higher the melting rateof copper is. the easier copper consumingprogresses. 
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Composition (% by mass) 




Melting rate of copper (nm/sec) 


Sn 


Ag 


Cu 


Bi 


In 


2n 


Fe 


Ni 


Co 




100 


0 


0 


0 


0 


0 


0 


0 


0 


0.61 


98.8 


1.2 


0 


0 


0 


0 


0 


0 


0 


0.41 


96.5 


3.5 


0 


0 


0 


0 


0 


0 


0 


0.27 


99.6 


0 


0.4 


0 


0 


0 


0 


0 


0 


0.43 


99.2 


0 


0.8 


0 


0 


0 


0 


0 


0 


0.29 


98.8 


0 


1.2 


0 


0 


0 


0 


0 


0 


0.17 


98 


0 


0 


2 


0 


0 


0 


0 


0 


0.50 


96 


0 


0 


4 


0 


0 


0 


0 


0 


0.42 


92 


0 


0 


8 


0 


0 


0 


0 


0 


0.32 


98 


0 


0 


0 


2 


0 


0 


0 


0 


0.47 


96 


0 


0 


0 


4 


0 


0 


0 


0 


0.38 


92 


0 


0 


0 


8 


0 


0 


0 


0 


0.29 


99 


0 


0 


0 


0 


1 


0 


0 


0 


0.20 
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[Table 1 ] (continued) 
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15 



20 



Corrpositlon (% by mass) 


Melting rate of copper (^im/sec) 


Qn 

on 


An 




Ri 


In 


Zn 


Fe 


Ni 


Co 




n 
u 


A 
v 


n 


Q 


2 


0 


0 


0 


0.06 




f) 
u 


0 


0 

V 


0 


4 


0 


0 


0 


0.02 




u 


ft 
u 


ft 


0 


9 


0 


0 


0 


0.01 


QQ QA 


n 


0 


0 


Q 


0 


0.02 


0 


0 


0.52 


99.96 


0 


0 


0 


0 


0 


0.04 


0 


0 


0.46 


99,94 


0 


0 


0 


0 


0 


0.06 


0 


0 


0.41 


99.98 


0 


0 


0 


0 


0 


0 


0.02 


0 


0.45 


99.96 


0 


0 


0 


0 


0 


0 


0.04 


0 


0.35 


99.94 


0 


0 


0 


0 


0 


0 


0.06 


0 


0.26 


99.98 


0 


0 


0 


0 


0 


0 


0 


0.02 


0.4 


99.96 


0 


0 


0 


0 


0 


0 


0 


0.04 


0.3 


99.94 


0 


0 


0 


0 


0 


0 


0 


0.06 


0.25 



[0028] As shown in the above Table 1 , in a case where a minute amount of Co, Ni or Fe is added, the melting rate 
of copper is significantly reduced in comparison with cases where other elements are added. In particular, the reduction 
of the melting rate of copper is significant at the time when Co, from among these three types of elements, is added. 
In general, as the amount of other elements added to an alloy that has a eutectic composition increases, the liquidus 
temperature increases and in the case where the amount of the addition is minute, the Increase in the liquidus tem- 
perature can be limited to the minimum. Accordingly, it is considered that by adding a nninute amount of Co, NI and/or 
Fe, copper consuming can be prevented while controlling the increase in the liquidus temperature. 
[0029] In the following, the chemical components contained In solders according to the present invention and the 
reason why the solders are limited to such compositions are described. 



Ag: 1 .0% to 4.0% by mass 

{0030] Ag Is an element that has the effect of Increasing the wettability of solder. That is to say, by adding Ag, the 
lime that Ihe solder Is to be wet can be shortened. The results of measuring the wettability of solders of Sn-Ag-Cu 
based alloys by means of a wetting balance method prescribed in Clause 8.3.1.2 of JIS Z 3197 are shown In the 
following Table 2. In this test, a phosphorous-deoxidized copper plate, of which the thickness is 0.3 mm, the width Is 
5 mm. and the length is 50 mm was utilized as a test piece after being heated for 20 minutes at ISO^'C so as to be 
oxidized. In addition, a solution gained by adding and dissolving 0.39 ± 0.01 g of diethyiamine hydrochloride into a 
solution gained by dissolving 25g of rosin as flux into isopropyl alcohol was utilized. The temperature of the solder bath 
was 260'»C. the rale of Immersion Into the solder bath was 1 6 mnn/sec, the depth of Immersion was 2 mm and the time 
of Immersion was 10 sec. 



[Table 2] 



Composition (% by mass) 


Solidus 

temperature (''C) 


Liquidus 
temperature (**C) 


Melting rate of 
copper copper (jinn/ 
sec) 


Wetted time (sec) 


Sn 


Ag 


Cu 


100 


0 


0 


232 


232 


0.61 


5.42 


99.6 


0 


0.4 


227 


230 


0.43 


2.37 


99.2 


0 


0.8 


227 


227 


0.29 


2.2 


98.8 


0 


1.2 


227 


244 


0.17 


2.22 


98.4 


0 


1.6 


227 


259 


0.04 


2.96 
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[Table 2] (continued) 



Composition (% by mass) 


Solidus 

temperature ('C) 


1 iniiiriiic 

temperature (**C) 


Melting rate of 
copper copper (jim/ 
sec) 


Wetted lime (sec) 


Sn 


Ag 


Cu 


98.8 


1.2 


0 


221 


228 


0.41 


1.4 


98.4 


1.2 


0.4 


217 


226 


0.30 


1.55 


98 


1.2 


0.8 


217 


224 


0.19 


1.49 


97.6 


1.2 


1.2 


217 


237 


0.13 


1.73 


97.2 


1.2 


1.6 


217 


253 




3.48 


96.5 


3.5 


0 


221 


221 


0.27 


1.43 


96.1 


3.5 


0.4 


217 


219 


0.18 


1.24 


95.7 


3.5 


0.8 


217 


217 


0.13 


1.16 


95.3 


3.5 


1.2 


217 


226 


0.08 


1.41 


94.9 


3.5 


1.6 


217 


242 


0.04 


2.97 
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[00311 As shown in Table 2. the amount of time that a solder, of Sn-Cu based alloys to which Ag is not added, was 
to be wet exceeded 2 sec in all cases while the amount of time that a solder, of a Sn-1 .2%Ag.Cu based alloy or of a 
Sn-3.5%Ag-Cu based alloy to which Ag is added, was to be wet was within 2 sec in most cases. ^ « 

[00321 Here, in the case where the content of Ag in the solder is less than 1 .0% by mass, the above described effect 
of a shortened wetted time cannot be gained. On the other hand, when the Ag content exceeds 4.0 /o by mass, the 
liquidus temperature becomes high so that there is a risk that a defect will occur to a printed wiring board and o 
electronic parts at the time of soldering. AccordingV. the content of Ag in the solder should be m a range of 1 .0% to 
4.0% by mass. 

Cu: 0.2% to 1 .3% by mass 

[00331 Cu is an element that has the effect of preventing copper consuming of a copper circuit or) a printed wiring 
board The characteristics of JIS H63A solder that is a Sn-Pb eutectic solder and to which Cu is added are shown in 
the following Table 3. 



Cu content (% by mass) 


Solidus temperature 

rc) 


Liquidus temperature 


Melting rate of copper (nm/sec) 


0 


183 


183 


0.10 


0.1 


183 


183 


0.08 


0.2 


183 


198 


0.07 


0.3 


183 


218 


0.05 


0,4 


183 


236 


0.04 


0.5 


183 


250 


0.02 



[00341 As shovim in Table 3. as the Cu content increases, the melting rate of copper is lowered so as to prevent 
copper consuming. Onthe other hand, the liquidus temperature increases. 

[0035] In the case where the content of Cu in the solder is less than 0.2% by mass, the above-descnbed effec of 
preventing copper consuming is insufficient. On the other hand, when the Cu content exceeds 1.3% by mass, he 
liquidus temperature becomes high so that there is a risk that a defect will occur to the printed wiring board and to the 
electronic parts at the time of soldering. Fig. 1 is a phase diagram of an alloy of Sn-2%Ag-Cu-0.04%Co wuh the Cu 
content indicated along the horizontal axis. In Fig. 1. the solid line shows the ♦^'^^f YT%^l2or;^„ ^hin 

dotted chain line shows the solidus temperature. For example, in the case of an alloy of Sn-2%Ag-Cu-0.04 /oCo. when 
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the Cu content exceeds 1.3% by mass, the liquidus temperature exceeds 240°C as shown in Fig. 1. Accordingly, the 
content of Cu in the solder is in a range of 0.2% to 1 .3% by mass. 

[0036] The relationships between Ag and Cu contents and the liquidus temperature (''C) and the melting rale of 
copper Oxm/sec) in an Sn-Ag-Cu based solder are shown In the following Tables 4 and 5. respectively In these solders 
5 the remaining components are all Sn. 



[Table 4] 



10 



20 



Liquidus temperature (^'C) 


Cu content (% by mass) 




0 


0.2 


0.4 


0.8 


1 


1.2 


1.6 


Ag content (% by mass) 


0 


232 


230 


229 


227 


235 


244 


259 




0.5 


231 


230 


228 


226 


233 


241 


257 




1 


229 


228 


227 


225 


231 


238 


254 




2 


226 


225 


224 


222 


227 


233 


249 




3 


222 


222 


221 


219 


224 


228 


244 




3.5 


221 


220 


219 


217 


222 


226 


242 




4 


228 


227 


226 


224 


229 


233 


249 




5 


240 


239 


238 


236 


241 


245 


261 



[Table 5] 



25 



30 



35 



Melting rate of copper (^m/sec) 


Cu content (% by mass) 




0 


0.2 


0.4 


0.8 


1 


1.2 


1.6 


Ag content (% by mass) 


0 


0.610 


0.520 


0.430 


0.290 


0.230 


0.170 


0.100 




0.5 


0.510 


0.440 


0.370 


0.240 


0.195 


0.150 


0.085 




1 


0.435 


0,380 


0.320 


0.200 


0.170 


0.135 


0.075 




2 


0.340 


0.290 


0.240 


0.160 


0.140 


0.110 


0.060 




3 


0.290 


0.240 


0.190 


0 140 


0.120 


0.090 


0.045 




3.5 


0.270 


0.220 


0.180 


0.130 


0.110 


0.080 


0.040 




4 


0.260 


0.210 


0.170 


0.120 


0.100 


0.080 


0.035 




5 


0.250 


0.200 


0.160 


0.110 


0.090 


0.070 


0.030 



40 

Co: 0.02% to 0.06% by mass 

[0037] Co is an element that has the effect of preventing copper consuming through the addition of a minute amount 
thereof as described above. Here, in the case where the content of Co in the solder is less than 0.02% by mass, the 

45 effect of preventing copper consuming cannot be gained. On the other hand, when the Co content exceeds 0.06% by 
mass, the liquidus temperature becomes high so that there is a risk that a defect may be caused to the printed wiring 
board and to the electronic parts at the lime of soldering. In addition, since the viscosity becomes high, the unconform- 
ities as shown in the following are caused. First, in the case where the copper circuit on the printed wiring board is 
coated with solder by means of a hot air leveling method, a defect occurs wherein the thickness of the solder coating 

50 becomes uneven In addition, in some cases a critical defect occurs wherein no solder coating is established or wherein 
a solder bridge between the adjoining circuits is fonned. Secondly, the solder jet flow in the flowing solder becomes 
unstable so as to lower the yield of soldering and dispersion occurs in the amount of solder of the portion connected 
through solder to an electronic part so that a critical unconformities occurs wherein the reliability of connections is 
lowered. Accordingly, the content of Co in the solder should be In a range of 0.02% to 0.06% by mass. In addition, in 

55 the case where the Co content is 0.02% to 0.04% by mass, it is more favorable because the increase in the liquidus 
tennperature is extremely small. 
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10 



15 



20 



25 



Ni: 0.02% to 0.06% by mass 

t00381 Ni is an element that has the effect of preventing copper consuming through the adc«tior, of «^<;""» 
hereof in the same manner as Co as described above. Here, in the case where the content of Ni in the solder is less 
h: t afby maL t^^^^ effect of preventing copper consuming through the ««^f- ^' ^^^^^^^^^^^ 

other hand, when the Ni content exceeds 0.06% by mass, the liquidus ^^Pf '^^^^^^ Z 

risk that a defect may be caused to the printed wiring board and to the electronic parts at the time of soldenng. Ac 

cordingly. the content of Ni in the solder is in a range of 0.02% to 0.06% by mass. 

Fe: 0.02% to 0.06% by mass 

t0039] Feisanelementthathastheeffectofpreventingcopperconsumingthroughtheadditionofa^ 

her Jf in the same manner as Ni as described above. Here, in the ^-."T^r^^J^^^^^^^^^^^^ hi Fe 

than 0 02% by weight, the effect of preventing copper consuming cannot be gained^ On the ^'^l^; ^^f " J^^^^ [l 
content exceeds o'o6% by weight, the liquldus temperature becomes high so that ^'^-^^/.^^f^ "^JnJt^^^^^^^ 
caused 10 the printed wiring board and to the electronic parts at the time of s<-f ""9- 

becomes high, the wettability Of the solder IS lowered. Accordlngly.the content of Fein the solder should be inarange 

i composition, a printed wiring board of which the copper consuming is extremely f" j!^^^^^^^^^^^^ 

the case where an electronic part Is soldered to a circuit fomied on the surface of a pnnted w.nng board with a solder 

that has such a composition, the reliability of the mounting can be enhanced. 

f00411 As described above, it is preferable for the liquidus temperature (melting point) of the solder to be 240 c or 
CndJiro^rpSerabloforthellquldust^^^ 

:rr;:rhrv:rro:^or:s . the descHbed rabies « through U Here, 
[he Jnaining portions In the compositions shown in F.gs. 6 through 14 are all Sn and inevrtable .mpur*«s. 



30 






[Table 6] 








No. 


Composition (% by mass) 






Ag 


Cu 


Co 


Ni 


35 


1 


2 


0.2 


0 


0 




2 


2 


0.2 


0.02 


0 




3 


2 


0.2 


0.04 


0 


40 


. 4 


2 


0.2 


0.06 


0 


5 


2 


0.2 


0.08 


0 




6 


2 


0.2 


0.1 


0 




7 


2 


0.2 


0.12 


0 


45 


8 


2 


0.2 


0 


0.04 




9 


2 


0.2 


0.02 


0.04 




10 


2 


0.2 


0.04 


0.04 




11 


2 


0.2 


0.06 


0.04 


SO 


12 


2 


0.2 


0.08 


0.04 




13 


2 


0.2 


0.1 


0.04 




14 


2 


0.2 


0.12 


0.04 


55 


15 


2 


0.4 


0 


0 




16 


2 


1 0.4 


0.02 


0 
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[Table 6J (continued) 



5 



10 



15 



No. 


Composition (% by mass) 


Aq 


Cu 


Co 


Ni 


17 


2 


0.4 


0.04 


0 


18 


2 


0.4 


0.06 


0 


19 


2 


0.4 


0.08 


0 


20 ' 


2 


0.4 


0.1 


0 


21 


2 


0.4 


0.12 


0 


22 


2 


0.4 


0 


0.04 


23 


2 


0.4 


0.02 


0.04 


24 


2 


0.4 


0.04 


0.04 


25 


2 


0.4 


0.06 


0.04 


26 


2 


0.4 


0.08 


0.04 


27 


2 


0.4 


0,1 


0.04 


28 


2 


0.4 


0.12 


0.04 



25 



30 



35 



40 



45 



50 



55 



No. 



[Table 7] 

Composition (% by mass) 





Ag 


Cu 


Co 


Ni 


29 


2 


0.8 


0 


0 


30 


2 


0.8 


0.02 


0 


31 


2 


0.8 


0.04 


0 


32 


2 


0.8 


0.06 


0 


33 


2 


0.8 


0.08 


0 


34 


2 


0.8 


0.1 


0 


35 


2 


0.6 


0.12 


0 


36 


2 


0.8 


0 


0.04 


37 


2 


0.8 


0.02 


0.04 


38 


2 


0.8 


0.04 


0.04 


39 


2 


0.8 


0.06 


0.04 


40 


2 


0.8 


0.08 


0.04 


41 


2 


0.8 


0.1 


0.04 


42 


2 


0.8 


0.12 


0.04 


43 


2 


0.8 


0.04 


0.02 


44 


2 


0.8 


0.04 


0.06 


45 


2 


0.8 


0.04 


0.08 


46 


2 


0.8 


0.04 


0.1 


47 


2 


0.8 


0.04 


0.12 
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(Tables] 



No. 


Composition (% by mass) 




Ag 


Cu 


OO 


Mi 
INI 


48 


2 


1.2 


0 


0 


49 


2 


1.2 


0.02 


0 


50 


2 


1.2 


0.04 


A 

0 


O 1 


2 


1.2 


O.Oo 


A 

0 


52 


2 


1.2 


0.08 


A 
0 


c o 
DO 


2 


1.2 


0.1 


0 


54 


2 


1.2 


0.12 


0 


55 


2 


1.2 


0 


A A A 

0.04 


56 


2 


1.2 


0.02 


0.04 


57 


2 


1.2 


0.04 


0.04 


58 


2 


1.2 


0.06 


0.04 


59 


2 


1.2 


0.08 


0.04 


60 


2 


1.2 


0.1 


0.04 


61 


2 


1.2 


0.12 


A A A 

0.04 


62 


2 


1.6 


0 


0 


63 


2 


1,6 


0.02 


A 
U 


64 


2 


4 

1 .D 


0.U4 


A 

u 


DO 


2 


1 .D 


U.UD 


n 
u 


DO 


2 


1 .D 


O.Uo 


u 


D / 


2 


1 .O 


U. 1 


n 

\j 


DO 




1.6 


0.12 


0 


69 


2 


1.6 


0 


0.04 


70 


2 


1.6 


0.02 


0.04 


71 


2 


1.6 


0.04 


0.04 


72 


2 


1.6 


0.06 


0.04 


73 


2 


1.6 


0.08 


0.04 


74 


2 


1.6 


0.1 


0.04 


75 


2 


1.6 


0.12 


0.04 



[Table 9] 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Ni 


76 


0.5 


0.8 


0 


0 


11 


0.5 


0.8 


0.02 


0 


78 


0.5 


0.8 


0.04 


0 


79 


0.5 


0.8 


0.06 


0 
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[Table 8] 





No. 


Composition (% by mass) 


5 




Ag 


Cu 


Co 






48 


2 


1.2 


0 


0 




49 


2 


1.2 


0.02 


0 




50 


2 


1.2 


0.04 


(J 


10 


51 


2 


1.2 


0.06 


0 




52 


2 


1.2 


0.08 


0 




53 


2 


1.2 


0.1 


0 


15 


54 


2 


1.2 


0.12 


0 




55 


2 


1.2 


0 


0.04 




56 


2 


1.2 


0.02 


0.04 




57 


2 


1.2 


0.04 


0.04 


20 


58 


2 


1.2 


0.06 


A f\A 

U.U4 




59 


2 


1.2 


0.08 


A f\A 




bu 


2 


1.2 


0.1 


U.U4 


25 


D1 


2 


1 .2 


0.1^ 


U.U4 






2 


1 .D 


U 


A 

u 




DO 


2 


1 .6 




A 

u 






2 


1 .6 


0.04 


A 


30 


65 


2 


1 .6 


O.ub 


A 

u 




66 


2 


1.6 


0.08 


0 




67 


2 


1.6 


0,1 


0 


35 


68 


Q 

c. 




\J, \ c 


0 




69 


2 


1.6 


0 


0.04 




70 


2 


1.6 


0.02 


0.04 




71 


2 


1.6 


0.04 


0.04 


40 


72 


2 


1.6 


0.06 


0.04 




73 


2 


1.6 


0.08 


0.04 




74 


2 


1.6 


0.1 


0.04 


45 


75 


2 


1.6 


0.12 


0.04 



[Table 9] 



50 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Ni 


76 


0.5 


0.8 


0 


0 


11 


0.5 


0.8 


0.02 


0 


78 


0.5 


0.8 


0.04 


0 


79 


0.5 


0.8 


0.06 


0 
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[Table 9] (continued) 





No. 


Composition (% by mass) 






Ag 


Cu 


Co 


Ni 


5 


80 


0.5 


0.8 


0.08 


0 




81 


0.5 


0.8 


0.1 


0 




82 


0.5 


0.8 


0-12 


0 


10 


83 


0.5 


0.8 


0 


0.04 




84 


0.5 


0.8 


0.02 


0,04 




85 


0.5 


0.8 


0.04 


0.04 


15 


86 


0.5 


0.8 


0.06 


0.04 


87 


0.5 


0.8 


0.08 


0.04 




88 


0.5 


0.8 


0.1 


0-04 




89 


0.5 


0.8 


0.12 


0.04 


20 


90 


1 


0.8 


0 


0 




91 


1 


0.8 


0.02 


0 




92 


1 


0.8 


0.04 


0 


25 


93 


1 


0.8 


0.06 


0 


94 


1 


0.8 


0.08 


0 




95 


1 


0.8 


0.1 


0 




96 


1 


0.8 


0.12 


0 


30 


97 


1 


0.8 


0 


0.04 




98 


1 


0.8 


0.02 


0.04 




99 


1 


0.8 


0.04 


0.04 


35 


100 


1 


0.8 


0.06 


0.04 


101 


1 


0.8 


0.08 


0.04 




102 


1 


0.8 


0.1 


0.04 




103 


1 


0.8 


0.12 


0.04 



40 

UablelO] 



45 



50 



55 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Ni 


104 


3.5 


0.8 


0 


0 


105 


3.5 


0.8 


0.02 


0 


106 


3.5 


0.8 


0.04 


0 


107 


3.5 


0.8 


0.06 


0 


108 


3.5 


0.8 


0.08 


0 


109 


3.5 


0.8 


0,1 


0 


110 


3.5 


0.8 


0.12 


0 


111 


3.5 


0.8 


0 


0.04 


112 


3,5 


0.8 


0.02 


0.04 
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[Table 10] (continued) 





No. 


Composition (% by mass) 






Ag 


Cu 


Co 


Ni 


5 


113 


3.5 


0.8 


0.04 


0.04 




114 


3.5 


0.8 


0.06 


0.04 




115 


3.5 


0.8 


0.08 


0.04 


10 


iie 


3.5 


0.8 


0.1 


0.04 




117 


3.5 


0.8 


0.12 


0.04 




118 


4 


0.8 


0 


0 




119 


4 


0.8 


0.02 


0 


15 


120 


4 


0.8 


0.04 


0 




121 


4 


0.8 


0.06 


0 




122 


4 


0.8 


0.08 


0 


20 


123 


4 


0.8 


0.1 


0 




124 


4 


0.8 


0.12 


0 




125 


4 


0.8 


0 


0.04 




126 


4 


0.8 


0.02 


0.04 


25 


127 


4 


0.8 


0.04 


0.04 




128 


4 


0.8 


0.06 


0.04 




129 


4 


0.8 


0.08 


0.04 


30 


130 


4 


0.8 


0.1 


0.04 




131 


4 


0.8 


0.12 


0.04 



[Table 11] 



35 



55 



No. 


Composition (% by mass) 




Ag 


Cu 


Co 


Ni 


132 


5 


0.8 


0 


0 


133 


5 


0.8 


0.02 


0 


134 


5 


0.8 


0.04 


0 


135 


5 


0.8 


0.06 


0 


136 


5 


0.8 


0.08 


0 


137 


5 


0.8 


0.1 


0 


138 


5 


0.8 


0.12 


0 


139 


5 


0.8 


0 


0.04 


140 


5 


0.8 


0.02 


0.04 


141 


5 


0.8 


0.04 


0.04 


142 


5 


0.8 


0.06 


0.04 


143 


5 


0.8 


0.08 


0.04 


144 


5 


0.8 


0.1 


0.04 


145 


5 


0.8 


0.12 


0.04 
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[Table 12] 



No. 



Composition (% by mass) 





Ag 


Cu 


Co 


Ni 


146 


2 


0.1 


0 


0 


147 


2 


0.1 


0.02 


0 


148 


2 


0.1 


0.06 


0 


149 


2 


0.1 


0.06 


0 


150 


2 


0,1 


0 


0.04 


151 


2 


0.1 


0.02 


0.04 


152 


2 


0.1 


0.06 


0.04 


153 


2 


0.1 


0.08 


0.04 


154 


2 


0.8 


0.02 


0.02 


155 


2 


0.8 


0.02 


0.06 


156 


2 


0.8 


0.02 


0.08 


157 


2 


0.8 


0.06 


0.02 


158 


2 


0.8 


0.06 


0.06 


159 


2 


0.8 


0.06 


0.08 


160 


2 


0.8 


0.06 


0.02 


161 


2 


0.8 


0.06 


0.06 


162 


2 


0.8 


0.06 


0.08 



[Table 13] 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Fe 


163 


3.5 


0.8 


0.02 


0.02 


164 


3.5 


0.8 


0.02 


0.06 


165 


3.5 


0.8 


0.02 


0.08 


166 


3.5 


0.8 


0.06 


0.02 


167 


3.5 


0.8 


0.06 


0.06 


168 


3.5 


0.8 


0.06 


0.08 


169 


3.5 


0.8 


0.08 


0.02 


170 


3.5 


0.8 


0.08 


0.06 


171 


3.5 


0.8 


0.08 


0.08 



[Table 14) 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Ni 


Fe 


172 


3.5 


0.8 


0.02 


0.02 


0.02 


173 


3.5 


0.8 


0.02 


0.02 


0.06 
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[Table 14) (continued) 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



No. 


Composition (% by mass) 


Ag 


Cu 


Co 


Ni 


Fe 


174 


3.5 


0.8 


0.02 


0.02 


0.08 


175 


3.5 


0.8 


0.02 


0.06 


0.02 


176 


3.5 


0.8 


0.02 


0.06 


0.06 


177 


3.5 


0.8 


0.02 


0.06 


0.08 


178 


3.5 


0.8 


0.02 


0.08 


0.02 


179 


3.5 


0.8 


0.02 


0.08 


0.06 


180 


3.5 


0.8 


0.02 


0.08 


0.08 


181 


3.5 


0.8 


0.06 


0.02 


0.02 


182 


3.5 


0.8 


0.06 


0.02 


0.06 


183 


3.5 


0.8 


0.06 


0.02 


0.08 


184 


3.5 


0.8 


0.06 


0.06 


0.02 


185 


3.5 


0.8 


0.06 


0.06 


0.06 


186 


3.5 


0.8 


0.06 


0.06 


0.08 


187 


3.5 


0.8 


0.06 


0.08 


0.02 


188 


3.5 


0.8 


0.06 


0.08 


0.06 


189 


3.5 


0.8 


0.06 


0.08 


0.08 


190 


3.5 


0.8 


0,08 


0.02 


0.02 


191 


3.5 


0.8 


0.08 


0.02 


0.06 


192 


3.5 


0.8 


0,08 


0.02 


0.08 


193 


3.5 


0.8 


0.08 


0.06 


0.02 


194 


3.5 


0.8 


0.08 


0.06 


0.06 


195 


3.5 


0.8 


0.08 


0,06 


0.08 


196 


3.5 


0.8 


0.08 


0.08 


0.02 


197 


3.5 


0.8 


0.08 


0.08 


0.06 


198 


3.5 


0.8 


0.08 


0.08 


0.08 



[0044] Then, the melting rate of copper, the melting temperature, the viscosity and the solder spreadability were 
measured with respect to each of these solders. 

[0045) In measuring the melting rate of copper, an isopropyl alcohol solution containing 20% of rosin by mass was 
coated, as a flux, on a copper wire of which the diameter was 0.5 mm and. after that, the copper wire was immersed 
in a solder bath for a fixed period of time and. then, the amount of decrease in the radius of the copper wire was 

measured. . 
[0046] In measuring the melting temperature, the solidus temperature was measured by means of a dinereniiai 
thermal analysis method. In addition, a melted solder was put into a test cup so that the viscosity thereof was measured 
by a Viscotester-VT"04 (made by Rion Co.. Ltd.) while the temperature of the solder was gradually cooled down from 
about 310°C so as to determine the temperature where the viscosity suddenly increased, which was the liquidus tem- 
perature. At the time of measurement of this melting temperature, the viscosity was a!so measured. 
[0047] The measurement of the solder spreadability was based on the -8.3.1 .1 spread test" described in the soldenng 
flux test method of JIS Z 3197. Concretely. O.Sg of solder and flux were placed on an oxidized copper plate that was 
heated for 30 sec at 250-C so as to spread ihe solder. After that, the solder was solidified by cooling and the height 
thereof was measured so as to calculate the solder spreadability. 

[0048] The results of the above are shown in the following Tables 15 through 23. In the Tables 15 through 23, 0, A 
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and X are attached in accordance with the foilowing standards. A liquidus temperature that is 230''C or less is denoted 
as O, a liquidus temperature that exceeds 230**C and is 240*^0 or less is denoted as A. and a liquidus temperature that 
exceeds 240°C is denoted as x. A melting rate of copper less than 0.17 Oinn/sec) is denoted as O. a melting rate of 
copper that is 0.1 7 (finn/sec) or more and is less than 0.20 Oim/sec) Is denoted as A and a melting rate of copper that 

5 is 0.20 (^m/sec) or more is denoted as x . A viscosity that is 2.5 (cP) or less is denoted as O and a viscosity that 
exceeds 2.5 (cP) is denoted as x . A solder spreadability that is 75 (%) or more is denoted as O and a solder spreadability 
that is less than 75 (%) is denoted as x. Then, a synthetic evaluation (total) that includes x in any item is denoted as 
X . a synthetic evaluation that includes A in any item from among synthetic evaluations that are not denoted as x is 
denoted as A and the remaining synthetic evaluations, that is to say the synthetic evaluations with O for every item, 

10 are denoted as C. 



[Table 15) 



15 



20 



25 



30 



35 



40 



SO 



55 



No. 


Solidus 
temperature 
(^C) 


Liquidus 
temperature (^'C) 


Melting rate of copper 
(^im/sec) 


Viscosity (cP) 


Spreadability (%) 


Total 


1 


217 


224 


O 


0.28 


X 


1.9 


O 


77 


0 


X 


2 


217 


224 


O 


0.18 


A 


1.9 


O 


77 


0 


A 


3 


217 


224 


0 


0.12 


0 


1.9 


o 


77 


0 


0 


4 


217 


235 


A 


0.1 


O 


1.9 


o 


77 


o 


A 


5 


217 


250 


X 


0.08 


O 


2 


o 


77 


0 


X 


6 


217 


263 


X 


0.06 


o 


2.5 


o 


76 


0 


X 


7 


217 


275 


X 


0.04 


o 


3 


X 


76 


0 


X 


8 


217 


224 


O 


0.25 


X 


1.9 


O 


77 


0 


X 


9 


217 


224 


O 


0.16 


O 


1.9 


o 


77 


0 


o 


10 


217 


224 


0 


0.1 


0 


1.9 


o 


77 


0 


u 


11 


217 


237 


A 


0.08 


o 


1.9 


o 


77 


0 


A 


12 


217 


252 


X 


0.06 


o 


2.1 


o 


77 


o 


X 


13 


217 


265 


X 


0.05 


o 


2.7 


X 


76 


0 


X 


14 


217 


278 


X 


0.03 


o 


3.2 


X 


76 


o 




1 0 


01 7 


223 


0 


0.25 


X 


1.9 


O 


77 


0 


X 


16 


217 


223 


O 


0.15 


O 


1.9 


O 


77 


0 


0 


17 


217 


223 


O 


0.1 


0 


1.9 


O 


77 


o 


0 


18 


217 


234 


A 


0.08 


o 


1.9 


O 


77 


0 


A 


19 


217 


249 


X 


0.06 


o 


2 


O 


77 


0 


X 


20 


217 


264 


X 


0.05 


0 


2.4 


o 


76 


0 


X 


21 


217 


276 


X 


0.03 


0 


2.9 


X 


76 


0 


X 


22 


217 


223 


0 


0.22 


X 


1.9 


O 


77 


0 


X 


23 


217 


223 


0 


0.13 


0 


1.9 


O 


77 


0 


0 


24 


217 


223 


0 


0.09 


0 


1.9 


0 


77 


0 


0 


25 


217 


235 


A 


0.07 


0 


1.9 


o 


77 


0 


A 


26 


217 


250 


X 


0.05 


0 


2 


o 


77 


0 


X 


27 


217 


265 


X 


0.03 


o 


2.5 


o 


76 


0 


X 


28 


217 


278 


X 


0.02 


0 


3 


X 


76 


0 


X 
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[Table 16] 



5 



10 



20 



25 



30 



No. 


Solidus 
temperature 
\ ^) 


Liquidus 
temperature (**C) 


Melting rate of copper 
(nm/sec) 


Viscosit 


y(cP) 


Spreadat 


ulity (%) 


loiai 




C 1 § 


221 


O 


0.21 


X 


1.9 


0 


77 


O 


X 


oU 


^ 1 / 


221 


o 


0.11 


0 


1.9 


0 


77 


O 


0 


Ol 


1 1 


221 


o 


0.07 


O 


1.9 


o 


77 


O 


O 






232 


A 


0.05 


0 


1.9 


o 


77 


0 


A 




917 


248 


X 


0.03 


o 


2 


o 


77 


0 


X 




917 


264 


X 


0.02 


o 


2.6 


X 


77 


o 


X 


oO 


917 


277 


X 


0.01 


o 


3.1 


X 


76 


o 


X 




917 


221 


O 


0.11 


o 


1.9 


O 


77 


0 


O 


Of 


017 


221 


O 


0.07 


o 


1.9 


O 


77 


o 


0 


38 


91 7 


221 


O 


0.05 


0 


1.9 


O 


77 


0 


0 


39 


<1 1 / 


234 


A 


0.03 


o 


1.9 


o 


77 


o 


A 


4U 


917 


250 


X 


0.02 


0 


2 


o 


77 


o 


X 


41 


217 


267 


X 


0.01 


o 


2.7 


X 


77 


o 


X 


42 


217 


281 


X 


0 


o 


3.3 


X 


76 


o 


X 


43 


217 


221 


O 


0.06 


0 


1.9 


O 


77 


0 


0 


44 


217 


237 


A 


0.04 


o 


1.9 


O 


77 


o 


A 


45 


217 


253 


X 


0.03 


0 


2.1 


0 


77 


0 


X 


46 


217 


270 


X 


0.02 


o 


2.8 


X 


77 


o 


X 


47 


217 


284 


X 


0.01 


o 


3.5 


X 


76 1 O 


X 



40 



55 



No. 


Solidus 
temperature 
(«C) 


Liquidus 
temperature (**C) 


Melting rate of copper 
(|im/sec) 


Viscosity (cP) 


Spreadat 


>ility (%) 


Total 


48 


217 


234 


A 


0.16 


0 


1.9 


0 


77 


O 


A 


49 


217 


234 


A 


0.09 


o 


1.9 


O 


77 


O 


A 


50 


217 


234 


A 


0.05 


o 


1.9 


0 


77 


O 


A 


51 


217 


236 


A 


0.04 


o 


1.9 


O 


77 


O 


A 


52 


217 


252 


X 


0.03 


0 


2 


0 


77 


0 


X 


53 


217 


266 


X 


0.02 


0 


2.7 


X 


77 


o 


X 


54 


217 


279 


X 


0.01 


0 


3.2 


X 


76 


o 


X 


55 


217 


234 


A 


0.1 


0 


1.9 


0 


77 


o 


A 


56 


217 


234 


A 


0.06 


0 


1.9 


O 


77 


o 


A 


57 


217 


234 


A 


0.04 


0 


1.9 


0 


77 


o 


A 


58 


217 


237 


A 


0.03 


o 


1.9 


0 


77 


0 


A 


59 


217 


254 


X 


0.02 


0 


2.1 


0 


77 


0 


X 



16 



EP 1213 089 A1 



[Table 17] (continued) 



5 



10 



15 



20 



25 



No. 


Solidus 
temperature 
CC) 


Liqutdus 
temperature ("C) 


Melting rate of copper 
(jim/sec) 


Viscosity (cP) 


Spreadal 


3llity (%) 


Total 


60 


217 


270 


X 


0.01 


O 


2.8 


X 


77 


0 


X 


61 


217 


283 


X 


0 


0 


3.4 


X 


76 


O 


X 


62 


217 


248 


X 


0.1 


0 


1.9 


O 


77 


0 


X 


63 


217 


248 


X 


0.07 


O 


1.9 


O 


77 


0 


X 


64 


217 


248 


X 


0.04 


o 


1.9 


o 


77 


o 


X 


65 


217 


250 


X 


0.03 


0 


1.9 


o 


77 


0 


X 


66 


217 


254 


X 


0.02 


o 


2.1 


o 


77 


0 


X 


67 


217 


266 


X 


0.01 


o 


2.7 


X 


76 


0 


X 


68 


217 


280 


X 


0 


0 


3.8 


X 


75 


0 


X 


69 


217 


248 


X 


0.08 


o 


1.9 


O 


77 


0 


X 


70 


217 


248 


X 


0.05 


0 


1.9 


O 


77 


0 


X 


71 


217 


248 


X 


0.03 


o 


1.9 


O 


77 


o 


X 


72 


217 


251 


X 


0.02 


o 


2.1 


o 


77 


o 


X 


73 


217 


256 


X 


0.01 


0 


2.3 


0 


77 


0 


X 


74 


217 


268 


X 


0.01 


o 


2.9 


X 


76 


o 


X 


75 


217 


283 


X 


0 


0 


3.9 


X 


75 


0 


X 



30 



[Table 18] 



35 



40 



45 



55 



No. 


Solidus 
temperature 

ro 


Liquidus 
temperature (^C) 


Melting rate of 
copper (urn/sec) 


Viscosity (cP) 


spreadal 


Jility (%) 


Total 
Total 


76 


217 


225 


0 


0.24 


X 


1.9 


O 


76 


O 


X 


77 


217 


225 


0 


0.15 


C 


1.9 


0 


76 


0 


0 


78 


217 


225 


0 


0.09 


O 


1.9 


0 


76 


0 


o 


79 


217 


230 


0 


0.06 


0 


1.9 


o 


76 


o 


o 


80 


217 


241 


X 


0.04 


C 


1.9 


0 


76 


o 


X 


81 


217 


254 


X 


0.03 


G 


2.1 


o 


76 


0 


X 


82 


217 


266 


X 


0.02 


0 


2.7 


X 


75 


0 


X 


83 


217 


225 


0 


0.15 


0 


1.9 


0 


76 


o 


O 


84 


217 


225 


O 


0.09 


0 


1.9 


o 


76 


0 


O 


85 


217 


225 


0 


0.05 


0 


1.9 


o 


76 


o 


O 


86 


217 


230 


0 


0.04 


0 


1.9 


o 


76 


o 


O 


87 


217 


243 


X 


0.03 


0 


1.9 


0 


76 


0 


X 


88 


217 


256 


X 


0.02 


o 


2.2 


o 


76 


0 


X 


89 


217 


269 


X 


0.01 


0 


2.9 


X 


75 


o 


X 


90 


217 


224 


0 


0.23 


X 


1.9 


0 


77 


0 


X 


91 


217 


224 


0 


0.13 


0 


1.9 


0 


77 


o 


0 
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[Table 18] (continued) 



5 



15 



20 



No. 


Solidus 
temperature 
(«C) 


LIquldus 
temperature (**C) 


Melting rate of 
copper (jinn/sec) 


Viscosil 


ty(cP) 


Spreadat 


)ility (%) 


Total 
Total 




92 


217 


224 


0 


0.08 




1.9 


0 


77 


O 


0 


93 


217 


230 


0 


0.06 


KJ 


1.9 


o 


77 


o 


o 


94 


217 


240 


A 


0.04 


kj 


1.9 


o 


77 


o 


A 


95 


217 


253 


X 


0.03 


0 


2.1 


o 


77 


o 


X 


96 ■ 


217 


265 


X 


0.02 


G 


2.7 


X 


76 


o 


X 


97 


217 


224 


0 


0.14 


0 


1.9 


O 


77 


o 




98 


217 


224 


0 


0.09 


0 


1.9 


o 


77 


o 


O 


99 


217 


224 


0 


0.07 


0 


1.9 


o 


77 


o 


0 


100 


217 


232 


A 


0.05 


0 


1.9 


o 


77 


o 


A 


101 


217 


241 


A 


0.03 


0 


1.9 


o 


77 


o 


X 


102 


217 


255 


X 


0.02 


0 


2.2 


o 


77 


o 


X 


103 


217 


268 


X 


0.01 


0 


2.8 


X 


76 


o 


X 



25 



30 



35 



40 



SO 



55 



No. 


Solidus 
temperature 

ro 


Liquidus 
temperature (*C) 


Melting rate of 
copper {^infi/sec) 


Viscosity (cP) (cP) 


spreadat 
(% 


»ility(%) 
) 


Total 
Total 


104 


217 


217 


0 


0.17 


A 


1.9 


0 


78 


O 


A 


105 


217 


217 


0 


0.09 


O 


1.9 


O 


78 


O 


0 


106 


217 


217 


0 


0.05 


0 


1.9 


o 


78 


o 


O 


107 


217 


228 


0 


0.03 


0 


1.9 


o 


78 


o 


0 


108 


217 


242 


>: 


0.02 


0 


1.9 


o 


78 


o 


X 


109 


217 


256 


X 


0.01 


0 


2.3 


0 


77 


0 


>: 


110 


217 


270 


V 


0 


0 


2.8 


X 


76 


o 


>^ 


111 


217 


217 


0 


0.12 


0 


1.9 


o 


78 


o 


0 


112 


217 


217 


0 


0.07 


0 


1.9 


o 


78 


o 


O 


113 


217 


217 


0 


0.04 


o 


1.9 


0 


78 


o 


0 


114 


217 


228 


0 


0.03 


o 


1.9 


0 


78 


o 


0 


115 


217 


248 


X 


0.02 


o 


2 


o 


78 


o 


X 


116 


217 


265 


X 


0.01 


0 


2.6 


X 


77 


o 


X 


117 


217 


280 


X 


0 


0 


3 


X 


76 


0 


X 


118 


217 


216 


0 


0.15 


o 


1.9 


0 


78 


o 


0 


119 


217 


216 


O 


0.08 


0 


1.9 


0 


78 


o 


0 


120 


217 


216 


O 


0.05 


0 


1.9 


o 


78 


o 


o 


121 


217 


220 


0 


0.03 


o 


1.9 


0 


78 


o 


0 


122 


217 


??7 


0 


0.02 


0 


1.9 


0 


78 


o 


o 


123 


217 


235 1 A 


0.01 


O 1 2 


0 


77 


o 


A 
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[Table 1 9] (continued) 



10 



15 



No. 


Solidus 
temperature 

rc) 


Liquidus 
temperature (*'C) 


Melting rate of 
copper {(inVsec) 


Viscosity (cP) (cP) 


Spreadability(%) 
(%) 


Total 

Tntal 


124 


217 


248 


X 


0 


0 


2.6 


X 


77 


0 


X 


125 


217 


216 


O 


0.12 


O 


1.9 


0 


78 


o 


0 


126 


217 


216 


0 


0.06 


0 


1.9 


0 


78 


o 


0 


127 


217 


216 


o 


0.04 


0 


1.9 


0 


78 


0 


0 


128 


217 


220 


o 


0.03 


o 


1.9 


o 


78 


o 


o 


129 


217 


228 


0 


0.02 


0 


2 


0 


78 


0 


0 


130 


217 


237 


A 


0.01 


0 


2.1 


0 


77 


o 


A 


131 


217 


252 


X 


0 


o 


2.8 


X 


77 


0 


X 



[Table 20] 



20 



25 



30 



35 



No. 


Solidus 
temperature 

rc) 


Liquidus 
temperature C*C) 


Melting rate of 
copper (^nr\/sec) 


viscosity (cP) 


Spreadability (%) 


Total 
Total 


132 


217 


236 


A 


0.11 


O 


2 


O 


77 


O 


A 


133 


217 


236 


A 


0.06 


0 


2 


0 


77 


0 


A 


134 


217 


236 


A 


0.04 


o 


2 


0 


77 


o 


A 


135 


217 


236 


A 


. 0.03 


o 


2 


o 


77 


o 


A 


136 


217 


241 


X 


0.02 


0 


2 


0 


77 


o 


X 


137 


217 


256 


X 


0.01 


o 


2.4 


o 


77 


o 


X 


138 


217 


281 


X 


0 


c 


3.1 


X 


76 


o 


X 


139 


217 


236 


A 


0.09 


o 


2 


O 


77 


o 


A 


140 


217 


236 


A 


0.05 


o 


2 


0 


77 


o 


A 


141 


217 


236 


A 


0.03 


c 


2 


0 


77 


o 


A 


142 


217 


240 


A 


0.02 


o 


2 


o 


77 


o 


A 


143 


217 


246 


X 


0.01 


0 


2 


0 


77 


o 


X 


144 


217 


260 


X 


0 


0 


2.6 


X 


77 


o 


X 


145 


217 


287 


X 


0 


c 


3.3 


A 


76 


o 


X 



45 



[Table 21] 



50 



No. 


Solidus 
temperature 

rc) 


Liquidus 
temperature (^'C) 


Melting rate of 
copper (fim/sec) 


Viscosity (cP) 


Spreadability (%) 


Total 
Total 


146 


217 


225 


0 


0.30 


X 


1.9 


0 


77 


O 


X 


147 


217 


225 


o 


0.19 


A 


1.9 


0 


77 


O 


A 


148 


217 


236 


A 


0.11 


0 


2.0 


0 


77 


0 


A 


149 


217 


248 


X 


0.09 


0 


2.0 


0 


77 


o 


X 


150 


217 


225 


O 


0.27 


X 


1.9 


0 


77 


o 


X 
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[Table 21] (continued) 



5 



No. 


Solidus 
temperature 

rc) 


Liquidus 
temperature f'C) 


Melting rate of 
copper (jim/sec) 


Viscosity (cP) 


Spreadat 


Jility (%) 


Total 
Total 


151 


217 


225 


0 


0.17 




1 Q 


o 


11 


O 


0 


152 


217 


238 


A 


0.09 


\J 


P 0 


o 


11 


O 


A 


153 


217 


256 


X 


0.07 


U 


0 0 




11 


o 


X 


154 


217 


221 


0 


0.09 


c 


1.9 


o 


11 


o 


0 


155 


217 


232 


A 


0.05 


0 


1.9 


o 


11 


o 


A 


156 


217 


250 


X 


0.04 


0 


2.1 


0 


11 


o 


X 


157 


217 


221 


O 


0.04 


o 


1.9 


o 


11 


o 


o 


158 


217 


236 


A 


0.03 


0 


2.0 


o 


11 


o 


A 


159 


217 


254 


X 


0.02 


0 


2.2 


0 


11 


o 


X 


160 


217 


246 


X 


0.03 


0 


2.1 


o 


11 


o 


X 


161 


217 


254 


X 


0.02 


o 


2.2 


o 


11 


o 


X 


162 


217 


266 


X 


0.01 


o 


2.4 


o 


76 


o 


X 



25 



30 



35 



40 



No. 


Solidus 
temperature 

ro 


Liquidus 
temperature (*C) 


Melting rate of 
copper (jim/sec) 


Viscosity (cP) (cP) 


Spreadat 
{-A 


Dility(%) 
>) 


Total 
Total 


163 


217 


217 


0 


0.10 


0 


1.9 


O 


11 


0 


O 


164 


217 


219 


o 


0.09 


o 


1.9 


O 


11 


o 


O 


165 


217 


221 


0 


0.09 


0 


2.0 


o 


11 


o 


O 


166 


217 


222 


o 


0.05 


o 


1.9 


o 


11 


o 


0 


167 


217 


224 


o 


0.04 


o 


2.0 


o 


11 


o 


O 


168 


217 


226 


0 


0.04 


0 


2.1 


0 


11 


0 


0 


169 


217 


244 


V 


0.02 


o 


2.1 


0 


11 


o 


X 


170 


217 


246 


X 


0.02 


o 


2.2 


0 


11 


o 


X 


171 


217 


248 


X 


0.02 


o 


2.3 


0 


77 


0 


X 



50 



55 



No. 


Solidus 
temperature 
C>C) 


Liquidus 
temperature (''C) 


Melting rate of copper 
(nm/sec) 


Viscosity (cP) 


Spreadat 


Jility (%) 


Total 


172 


217 


217 


O 


0.07 


0 


1.9 


O 


77 


O 


O 


173 


217 


219 


0 


0.06 


0 


2.1 


0 


77 


0 


0 


174 


217 


221 


o 


0.06 


O 


2.3 


o 


77 


o 


0 


175 


217 


230 


o 


0.04 


0 


2.0 


0 


77 


0 


0 


176 


217 


232 


A 


0.04 


0 


2.3 


o 


77 


0 


A 


177 


217 


234 


A 


0.03 


0 


2.5 


o 


77 


o 


A 
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[Table 23] (continued) 



5 



10 



15 



20 



25 



30 



35 



No. 


Solidus 
temperature 

ro 


Liqu 
tempera 


Melting rat 
(^lm 


Viscos 


Spreads 


Total 


178 


217 


248 


X 


0.03 


0 


2.2 


O 


77 


r\ 
O 


X 


179 


217 


250 


X 


0.03 


o 


2.5 


O 


77 


o 


X 


180 


217 


252 


X 


0.03 


o 


2.8 


X 


77 


o 


X 


181 


217 


224 


O 


0.04 


0 


2.0 


O 


77 


o 


0 


182 


217 


226 


O 


0.03 


o 


2.3 


O 


77 


o 


0 


183 


217 


228 


o 


0.03 


o 


2.7 


X 


77 


0 


X 


184 


217 


232 


A 


0.03 


o 


2.1 


O 


11 


0 


A 


185 


217 


234 


A 


0.02 


0 


2.4 


O 


11 


o 


A 


186 


217 


236 


A 


0.02 


0 


2.9 


X 


11 


0 


X 


187 


217 


250 


X 


0.02 


o 


2.3 


O 


11 


o 


X 


188 


217 


252 


X 


0.02 


0 


2.6 


X 


11 


0 


X 


189 


217 


254 


X 


0.02 


0 


3.1 


X 


11 


Q 


X 


190 


217 


246 


X 


0.02 


\J 




\j 


1 u 


o 


X 


191 


217 


248 


X 


0.02 


0 


2.6 


X 


11 


0 


X 


192 


217 


250 


X 


0.02 


0 


3.0 


X 


11 


o 


X 


193 


217 


254 


X 


0.01 


0 


2.4 


O 


11 


0 


X 


194 


217 


256 


X 


0.01 


0 


2.7 


X 


11 


0 


X 


195 


217 


258 


X 


0.01 


0 


3.1 


X 


11 


0 


X 


196 


217 


266 


X 


0.01 


o 


2.6 


X 


76 


0 


X 


197 


217 


268 


N/ 


0.01 


0 


2.9 


X 


76 


0 


X 


198 


217 


270 


X 


0.01 


0 


3.4 


X 


11 


0 


X 



[0049] The results of the above are shown in a graph. Here, O, A and X shown in the following graph indicates 
synthetic evaluations in the above described Tables 15 through 23. 

[0050] Figs. 2A and 2B are graphs showing the relationships between the Co content and the Cu content when the 
Ag content is fixed at 2% by mass. Fig. 2A is a graph showing the evaluation result of the case where Ni is not contained 
while Fig. 2B is a graph showing the evaluation result of the case that 0.04% of Ni by mass Is contained. That is to 
say. Fig. 2A shows the evaluation results of Nos. 1 to 7, Nos. 1 5 to 21 , Nos. 29 to 35, Nos. 48 to 54. Nos. 62 to 68 and 
Nos. 146 to 149 while Fig. 2B shows the evaluation results of Nos. 8 to 14, Nos. 22 to 28, Nos. 36 to 42. Nos. 55 to 
61 . Nos. 69 to 75 and Nos. 150 to 153. 

[0051] Figs. 3A and 38 are graphs showing the relationship between the Co content and the Ag content when the 
Cu content is fixed at 0.8% by mass. Fig. 3A is a graph showing the evaluation result of the case wherein Ni is not 
contained while Fig. 3B is a graph showing the evaluation result of the case wherein 0.04% of NI by mass is contained. 
That is to say, Fig. 3A shows the evaluation results ot Nos. 29 to 35, Nos, 76 to 82, Nos. 90 to 96, Nos. 104 to 110, 
Nos. 118 to 124 and Nos. 132 to 138 while Fig. 3B shows the evaluation results of Nos. 36 to 42, Nos. 83 to 89, Nos. 
^ 97 to 103. Nos. Ill to 117, Nos. 125 to 131 and Nos. 139 to 145. 

[0052] Figs. 4A and 4B are graphs showing the relationship between the Ni content and the liquidus temperature 
while Fig. 4B is a graph showing the relationship of the Ni content and the melting rate of copper. That is to say, Figs. 
4A and 4B show the evaluation results of No. 31 , No. 38 and Nos. 43 to 47 (evaluation results with respect to a solder 
of Sn-2% of Ag by mass-0.8% of Cu by mass-0.04% of Co by mass-Ni). Fig. 5 is a graph showing the evaluation result 
of relationships between the Co content and the Ni content when the Ag content Is fixed at 2% by mass and the Cu 
content is fixed at 0.8% by mass. That is to say, Fig. 5 shows the evaluation results of Nos. 29 to 33, Nos. 36 to 40. 
Nos. 43 to 45 and Nos. 154 to 162. 
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[0053] Fig. 6A is a graph showing the relallonship between the Fecontent and the liquidus temperature while Fig^ 
6B is a graph showing the relationship between the Fe content and the meWmg rate o( =°PP«^ Jjl^'fJ^ tJL of 
and 6B Show the evaluation results of No. 107 and Nos. 166 to 168 (evaluation results with ^^^P^'^ ^,f° °' 
3 5% of A9 by mass-0.8% of Cu by mass-0.06% of Co by mass-Fe). Fig. 7 is a graph showing the evaluation esuKs 
5 of relationships between the Co content and the Fe content when the Ag content fixed at ^^"Jf^^^^^^^^^^^^ 
content is fixed at 0.8% by mass. That is to say, Fig. 7 shows the evaluation results of Nos. 104 to 108 and Nos. 163 

So541 Figs. 8A. 8B and 8C are graphs showing evaluation results of relationships between the Ni content and the 
FecoLm When the Ag content is fixed at3.5%by mass. theCu content isfixedat08% by mass and theCoc^^^^^^^^^^^ 

fo isvaried Fig 8A is a graph showing the evaluation result when the Co content is 0.02% by mass F.g. 88 .s a gap^^ 
rowing the'evaluation rllt when the Co content is 0.06% by mass and Fig. 8C is a graph ^.ng the evaluat.^^^ 
result when the Co content is 0,08% by mass. That is to say. Fig. 8A shows the evaluauon ^^^^Its of No. 105 »^o^112 
Nos. 163 to 165 and Nos. 172 to 180. Fig. 8B shows the evaluation results of No. 107 No. l^- ^J^^f ° 
Nos. 181 to 189 and Fig. 8C shows the evaluation results of No. 108. No. 115. Nos. 1 69 to 1 71 and Nos. 90 to 198^ 

.5 [0055] AsshowninFrgs.2Aand2B.inthecasewhereCo«inarangeof0.02%to0.06%bymass.exce^e^^^^^^^ 
L gled even when the Ag content varies in a range of from 1 .0% to 4.0% by mass. wh«:h .s m the ange o, the 
present invention. Simi^rly. as shown in Figs. 3A and 3B. in the case where « « ^^"9! °' « 
mass, excellent results are gained even when the Cu content varies in a range of 0.2% to 1 .3% by mass, which is in 

Ihe range of the presenl invention. . • ^ u « *k« ^^nt^nt thprpnf 

^ [0056] in additron. as shown in Figs. 4 and Figs. 6. in the case where Ni or Fe « contained when t^ie con enj therec 
s 0.06% or less by mass, the liquidus temperature is of a degree wfnerein the electronic parts jt^^ "^^^^ ^ 
affectedatthetimeo.solderingwhileinthecasewhere.heNicontentexceeds0.08%bymasMhe^^^^^^^^^ 
exceeds 250»C so as tobe in a range wherein damage is caused to the electronic parts and the like. In the case where 
Ni is contained, as shown in Figs. 4. the liquidus temperature does not increase at a" onnoreases by an extremely 
25 small amount in comparison with a solder not containing Ni having the same content of ^9- Cu and Co.^^^^^^^^^ 
meltingrateofcopperfurtherdecreases.lnthecase where Feis contained. asshown.nFig.6.the liquidus tempe^^^^^^ 

lowers further in comparison with the case whe,e Fe is not contained, while the melting rate of copper is controlled to 

[00571** As shown in Fig. 5. Table 21 and the like, in the case where the Co content is in a range of 0.02% to 0.06% 
30 by mass and the Ni content is in a range of 0.02% to 0.06% by mass, good results are gained. In J';^"^ ; 

Where the Co content is in a range of 0.02% to 0.04% by mass and the Ni content is in a range of a02 '^^o OM /.ty 
mass, even better results are gained. Similarly, as shown in Fig. 7. Table 22 and ''^^^^It!'''''^^^;''^^^ 
content is in a range of 0.02% to 0.06% by mass and the Fe content is in a range of 0.02«/o to 0.06 /o by mass, good 

35 [oo^l Tn adS^n. as shown in Figs. 8. in the case where Ni and Fe are contained in addition to ^O' ^^^"^^ ^ 
contem. the Ni content and the Fe content are all in a range of 0.02% to 0.067, by mass, good results are 9ame^^^ 
[0059] The effects of adding Co to a solder of Sn-3.5% of Ag by mass-0.8% of Cu by mass, whch is « convent.^^^^^^ 
L-aJ-Cu based solder, are iLrated in graphs based on the above-described table. Fig. 9A is ^P^ ^J^^S 
relatiLhip between the Co content and the liquidus temperature in the solder of Sn.3.5% °' J^9 by m^^^^^^^^ 

40 by mass vlile Fig. 9B is a graph showing the relationship between the Co content and the melting rate of copper in 
the solder of Sn-3.5% of Ag by mass-0.8% of Cu by mass. ^ in the ranoe of 

[0060] It can also be understood from Fig. 9A and Fig. 98 that in the case where the Co content is ""^J^^ °^ 
U2%to0.06% by mass, copper consuming can be prevented by reducingthemelting rate of cof^^^ 
the liquidus temperature within a range wherein the printed wiring board, the electrons parts to be mounted and the 

t5 like are not negatively affected. 

Claims 

so 1. A solder consisting essentially of : 

1.0%to4.0%of Agby mass, 0.2% to i.3%of Cubymass.0.02%to0.06%of Cobymass. and the remaining 
of Sn and inevitable impurities. 

55 2. A solder consisting essentially of: 

1 .0% to 4.0% of Ag by mass. 0.2% to 1 .3% of Cu by mass. 0.02% to 0.06% of Co by nnass. 0.02% to 0.06% 
of Ni by mass, and the remaining of Sn and inevitable impurities. 
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3. A solder consisting essentially of: 

1 .0% to 4.0% of Ag by mass, 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% 
of Fe by mass, and the remaining of Sn and inevitable impurities. 

4. A solder consisting essentially of; 

1 .0% 10 4.0% of Ag by mass, 0.2% to 1,3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% 
of Ni by mass. 0.02% to 0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 

5. The solder according to any one of claims 1 to 4, characterized in that the liquidus temperature is 240*'C or less, 
and that the moiling rate of copper is 0.17 ^nn/sec or less. 

6. A method for processing a surface of a printed wiring board comprising the step of: 

coating a circuit f omied on a surface of a printed wiring board with a solder consisting essentially of 1 .0% to 
4.0% of Ag by mass. 0.2**/^ to 1 .3% of Cu by mass, 0.02% to 0,06% of Co by mass, and the remaining of Sn 
and inevitable impurities. 

7. A method for processing a surface of a printed wiring board comprising the step of: 

coaling a circuit formed on a surface of a printed wiring board with a solder consisting essentially of 1 .0% to 
4.0% of Ag by mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% of Ni by 
mass, and the remaining of Sn and inevitable impurities. 

8. A method for processing a surface of a printed wiring board comprising the step of: 

coaling a circuit fomned on a surface of a printed wiring board with a solder consisting essentially of 1 .0% to 
4.0% of Ag by mass, 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, 0.02% to 0.06% of Fe by 
mass, and the remaining of Sn and inevitable impurities. 

9. A method for processing a suriace of a printed wiring board comprising the step of: 

coating a circuit formed on a surface of a printed wiring board with a solder consisting essentially of 1 .0% to 
4.0% of Ag by mass, 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass. 0.02% to 0.06% of Ni by 
rnass, 0.02% to 0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 

10. The method for processing a surface of a printed wiring board according to any one of claims 6 to 9, characterized 
in that the liquidus temperature of said solder is 240*'C or less, and that the melting rate of copper is 0. 1 7 ^im/sec 
or less. 

11. A method for mounting an electronic part comprising the step of: 

soldering an electronic part on a circuit formed on a surface of a printed wiring board with a solder consisting 
essentially of 1 .0% to 4.0% of Ag by mass. 0.2% to 1 .3% of Cu by mass, 0.02% to 0.06% of Co by mass, and 
the remaining of Sn and Inevitable impurities. 

12. A method for mounting an electronic part comprising the step of: 

soldering an electronic part on a circuit formed on a surface of a printed wiring board with a solder consisting 
essentially of 1.0% to 4.0% of Ag by mass. 0.2% to 1.3% of Cu by mass, 0.02% to 0.06% of Co by mass, 
0.02% to 0.06% of Ni by mass, and the remaining of Sn and inevitable impurities. 

13. A method for mounting an electronic part comprising the step of: 

soldering an electronic part on a circuit fonned on a surface of a printed wiring board with a solder consisting 
essentially of 1.0% to 4 0% of Ag by mass, 0.2% to 1.3% of Cu by mass, 0.02% to 0.06% of Co by mass. 
0.027d to 0.06% of Fe by mass, and the remaining of Sn and inevitable impurities. 
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14. A method for mounting an electronic part comprising the step of: 

soldering an electronic part on a circuit formed on a sufface of a printed wiring board with a solder consisting 
Ssen ii of 1 0% to 4 0% of Ag by mass. 0.2% to 1.3% of Cu by mass, 0.02% to 0.06% of Co by mass, 
0 oS to 0.06% of Ni by mass. 0 02% to 0.06% of Fe by mass, and the remaining of Sn and mevtable .mpu- 

rities. 

15. The method tor mounting an electronic part according to any one of claims 11 to 14. «h«racte^|^ *f^^^^ 
liquidus temperature of said solder is 240-0 or less, and that the melting rate of copper is 0.1 7 jim/sec or less. 
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FIG. 7 
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